ow 


NACA RM L£3D13 


6T9L 


им. 


SECURITY INFORMATION 211 


bDhhhTU > 


RESEARCH MEMORANDUM 


EFFECTS OF TRAILING-EDGE BLUNTNESS ON 
THE LIFT, DRAG, AND PÍTCHING-MOMENT CHARACTERISTICS 
OF UNSWEPT, 45° SWEPT, AND 459 DELTA WINGS AT MACH 
NUMBERS OF 1.41, 1.62, AND 1.96 
By Kennith L. Goin and Gertrude C. Westrick = 


Langley Aeronautical Laboratory 
Langley Field, Va. 


CLASSIFIED DOCUMENT 
This materiel contains Sea rr е це Defense of tha United States within the meaning 
oe the espionage laws, Title 18, U.S and 704, the transmission or revelation of which in any 
r to an unauthoriz a Дре uma D a. 


NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 


WASHINGTON 
June 10, 1953 


WN 'g3Vy АНУНЯГІ HOSL 


TECH LIBRARY KAFB, ММ 


« „АН АНИ И 


NACA RM 155р15 INE DIES ғары -` OL44409 


NATTONAL ADVISORY COMMITTEE FOR ABRONAUTICS 
RESEARCH MEMORANDUM 
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By Kennith L. Goin and Gertrude C. Westrick 
SUMMARY 


An investigation of systematic series of sharp- and blunt-trailing- 
edge wings has been made to determine the effects of thickening the 
trailing edges on the lift, drag, and pitching-moment characteristics 
at Mach numbers of 1.41, 1.62, and 1.96. The wings tested consisted of 
09 and 45° sweptback untapered wings of aspect ratio 2.7 and 45° delta 
wings. The wings had hexagonal sections with thickness ratios ranging 
from 0.030 to 0.100 and were tested with fixed transition at Reynolds 


numbers of 1.1 x 106 to 2.2 x 106. 


Results of the investigation indicate that no appreciable zero-lift 
drag reductions may be obtained by thickening the trailing edges at Mach 
numbers of 1.41 to 1.96, but that trailing edges can be thickened appre- 
ciably with no increases in zero-lift drag. Reductions in the drag at 
lift coefficients of 0.2 and above were obtained by thickening the 
trailing edges of the 45° swept wings by various amounts. The ratio of 
trailing-edge thickness to maximum thickness h/t for minimum drag of 
wings with this plan form increased with increases in airfoil-section 
thickness ratio, operating lift coefficient, and Mach number. 


Moderate thickening of the trailing edges caused no appreciable . 
reductions in maximum lift-drag ratios (L/D)max for any of the wings, 


and for some of the swept wings caused slight increases in (L/D) a 


Lift-curve slopes of the wings, in general, tended to increase with 
inereases in h/t. Center-of-pressure locations for the unswept wings 
were relatively independent of h/t, but for the 150 swept wings they 
moved rearward somewhat with increases in h/t. 
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INTRODUCTION vs 


Previous experimental investigations have shown that wings with a 
blunt trailing edges will, in some cases, have higher lift-curve slopes, 
higher maximum ratios of lift to drag, and lower minimum drag at super- 
sonic speeds than similar wings with sharp trailing edges (ref. 1). | 
Similar increases іп lift-curve slopes and maximum ratios of lift to 
drag due to thickening the trailing edges have also been shown at tran- 
sonic speeds with no increases in minimum drag (ref. 2). Іп considera- 
tion of these improved aerodynamic characteristics, together with obvious 
structural advantages, wings with blunt trailing edges appear promising 
for use at supersonic speeds. 


Experimental information available on blunt-trailing-edge wings at 
supersonic speeds consists of fairly comprehensive base-pressure data 
(refs. 2 to 6) but relatively few data on other aerodynamic character- 
istics (refs. 1 and 2). Considerably more experimental information is 
needed to predict reliably the effects of thickening the trailing edges 
on the aerodynamic characteristics of wings. 


In order to provide additional information on the effects of thick- | К 
ened trailing edges, ап investigation has been made of the lift, drag, 
and pitching-moment characteristics of systematic series of wings with 
blunt and sharp trailing edges at Mach numbers of 1.41, 1.62, and 1.96. 
This investigation is the second phase of a general investigation of 
blunt-trailing-edge wings (the first phase was а base-pressure inves- “2. 
tigation, ref. 5) and includes detailed effects of wing section and к 
representative effects of wing plan form. В 


SYMBOLS 
M Mach number u 
R Reynolds number based on mean aerodynamic chord 
q free-stream dynamic pressure 
с wing chord d | - 
с mean aerodynamic chord — | 
% maximum section thickness 


h trailing-edge thickness E 
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length of trailing-edge bevel (see fig. 1(a)) 


cJ 


A wing aspect ratio 
^ wing taper ratio 
А sweepback of wing leading edge 
5 total area ОҒ semispan wing 
L lift 
D drag 
m pitching moment about 0.25¢ 
с. ав 
qs 
Cp = D. 
qs 
би жш 
абе 
Ж аст 
ас 


DESCRIPTION OF MODELS 


The wing models tested consisted of a 459 delta plan form and two 
untapered plan forms of aspect ratio 2.7, the first being unswept and 
the second having 45° of leading-edge sweepback. Systematic variations 
of airfoil section thickness ratio and trailing-edge thickness ratio 
were Obtained with each plan form. 


The geometric details of the semispan wing models tested are given 
in figure 1(а) and the various wing sections are illustrated in fig- 
ure 1(b). Each of the wings had symmetrical straight-sided sections, 
polished surfaces, and a slightly rounded leading edge with а radius of 
approximately 0.002 inch. Details of the half-body on which the wings 
were mounted аге given in figure 2. 
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The tests were conducted in the Langley 9- by 12-inch supersonic 
blowdown tunnel which utilizes the compressed air of the Langley 19-foot 
pressure tunnel. The compressed air is conditioned to insure condensation- 
free flow in the test section by being passed through а silica-gel drier 
and through banks of finned electrical heaters.  Turbulence-damping 
screens are located in the tunnel settling chamber. The absolute stagna- 
tion pressure of the air entering the test section is about 2 atmospheres. 
The three test-section Mach numbers are provided by use of interchangeable 
nozzle blocks. 


Deviations of the flow conditions in the test section, as determined 
from extensive calibration tests and reported in reference 7, are presented : 
in the following table: . 


Average Mach number... . ыы eke. ee oe do СВ 1:62 1.96 
Maximum deviation in Mach number б SË sg. ле veh сш. 00А 50.01 +0.02 
Maximum deviation in stream angle, deg .... +0.25 £0.20 +0.20 


TEST TECHNIQUE 


Details of the model test arrangement are shown in figure 2. Each 
semispan wing and attached half-body was cantilevered from а five- 
component strain-gage balance which is mounted flush with the tunnel 
wall and rotates through the angle-of-attack range with the model. The 
half-body consisted of а half-body of revolution апа а quarter-inch shim. 
The shim was used to raise the body of revolution so ав to minimize the 
effects of the tunnel-wall boundary layer on the flow over its surface s: 
(ref. 8). А clearance gap of about 0.007 to 0.015 inch was maintained 
between the fuselage shim and the tunnel wall under a no-load condition. 


Base-pressure measurements of reference 5 indicated an effect on 
base pressures of the wall-reflected disturbance originating at the nose 
of the body when the wings were located aft on the body. In the present 
tests, the wings were located at the positions indicated in figure ‘2 
and shown by: the photographs of figure 3, which were far enough forward 
on the body to avoid this effect. 


All wings were tested with transition fixed by means of bands of Е 
roughness (carborundum grains having maximum dimensions of about | 
0.004 inch) cemented to the upper and lower surfaces and extending over и 
the complete exposed semispan. The bands of roughness were of about 
5-percent-chord width and were located approximately between the 10- and 
15-percent-chord stations. The ability of such bands to fix transition š 
is illustrated by results of liquid-film-flow studies presented in 
reference 3. 
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The wings were tested with flxed transition because the Туре of 
boundary layer has been found to have important effects on base pressures 
(ref. %), апа turbulent-boundary-layer data should have a greater range 
of practical application. The data of reference l indicate that wing 


base pressures obtained at Reynolds numbers of about 1 x 106 to 2 x 106 
with fixed transition аге approximately equal to those obtained at higher 


Reynolds numbers (up to about № x 106 with natural transition and that 
the data of this report, as affected by base pressures, should therefore 
be representative of higher Reynolds number results. Data of reference | 
also indicate thet the method of fixing transition at Reynolds numbers 


of 1 x 100 to 2 x 106 has no important effect оп wing base pressures. 
It should be pointed out, however, that, for bodies of revolution, the 
Gata of reference 9 show that base pressures at low Reynolds numbers 
with fixed transition are not representative of data at higher Reynolds 
numbers with natural transition; also that the thickness of transition 
strip has an important effect on base pressures. 


Data were also obtained for the sharp-trailing-edge wings with 
smooth surfaces for purposes of comparison with data for wings with 
fixed transition. 


The Reynolds numbers varied during tests of each wing and also 
between tests for the different wings because of varying reservoir 
stagnation pressures. The average Reynolds numbers of the tests, based 
on mean aerodynamic chord, are shown in the following table: 


Average R Average R 
(untapered wings) (delta wings) 


1.1 1.5 х 106 2.0 x 106 
1.62 1525 16 
1.96 42 447 


Maximum deviations from these average values during the course of the 
investigations were about +0.2 x 106. 


ACCURACY 


From general considerations of accuracy of balance calibration and 
repeatability of data, the accuracy of lift and drag measurements in 
terms of coefficients is believed to be about as indicated below: 


Cr, a Ке o « е $5 е е еб ә в е ее а $9 «© Р e ° е > è э ө э е 9 o в « +0.005 
Ст when Ст, = 0 € e a а э ө $5 © ө o ө ө ө © © © э òo ù ә ө ө o е +0.001 


Possible errors in Cp increase somewhat with increase in Cn. 
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Тһе relative accuracy of the pitching-moment measurements (the 
accuracy of each data point with respect to each other point at the same 
value of lift) is believed to be about +0.002 in terms of CQ. Тһе abso- 


lute accuracy of the measurements is not known, however, because subse- 
quent to the measurements the balance was modified and since the modifi- 
cation the pitching moments of this report cannot be repeated. There 1в 
a consistent unexplained discrepancy between data obtained before and 
after the modification which amounts to ап indicated difference in 
aerodynamic-center location of approximately 0.05 inch (0.02c for the 
untapered wings). 


Angle-of-attack measurements, relative to the tunnel axis, аге 
accurate to about +0.05°. 


RESULTS AND DISCUSSION 


In reducing the data of the present tests, values of the lift, drag, 
and pitching-moment coefficients of the body &lone were subtracted from 
similar values for the wing-plus-body combinations. The lift, drag, and 
pitching-moment data presented for the wings therefore include wing-body 
interference effects. The absolute magnitudes of these data should be 
used with caution because the interference effects included are peculiar 
to the wing-body combinations tested. The trends indicated by the varia- 
tions of the coefficients with wing section would, however, not be 
expected to be significantly affected by the interference. 


Figure 4 contains body-alone data which were used as tares in 
reducing the data of the present investigation. The tares were obtained 
from tests of two bodies manufactured to the same specifications, one of 
which was used in tests of the swept Wings and one of which was used in 
tests of the unswept and the 459 delta wings. Different tare coefficients 
for the different wings result from different model constants and from 
slight differences in the geometry of the two bodies. - 


An index to the figures containing wing-plus-interference data is 
included in table I. The basic wing-plus-interference lift, drag, and 
pitching-moment characteristics are presented in figures 5 to 10 for the 
unswept wings, in figures 11 to 16 for the swept wings,-and in figures 17 
to 22 for the delta wings. Summaries and comparisons of the basic data 
are included in figures 25 to 34. 


Drag at Zero Lift 


Variations with treiling-edge thickness.- The variations of wing- 
plus-interference drag coefficient at zero lift with trailing-edge thick- 
ness are summarized in figure 25 for all wings having the trailing 
20 percent of their chords beveled. I 
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Data for the unswept wings show that the drag remains essentially 
constant as the trailing edges are thickened from O to about 1/3 of the 
maximum wing thickness and then increases appreciably with further 
increases in trailing-edge thickness. 


Баба for the swept wings show that the drag remains essentially 
constant as h/t is increased from О to about 1/5 аб а Mach number 
of 1.41 and from О to about 2/5 at a Mach number of 1.62. At a Mach 
number of 1.96, slight decreases in drag with increasing h/t аге shown 
for the 3.0-, 4.5-, and 6.0-percent-thick wings and minimum drag values 
are indicated at values of h/t of about 5/}. 


Since data for the 45° delta wings having small values of h/t were 
not obtained, detailed effects of blunting the. trailing edges cannot be 
established. One interesting result indicated by the 45° delta-wing 
data, however, is that the trailing-edge thickness of a 4.5-percent-thick 


wing can be increased from 2 = 5 to = = 1 with по appreciable increase 


іп drag at a Mach number of 1.96. 


In general, the data of flgure 23 indicate that no appreciable 
decrease in drag at zero lift may be obtained by blunting the trailing 
edges. Of significance, however, is the indication that trailing edges 
сап be thickened appreciably, resulting in improved structural properties 
and increased volume, with no increases in drag. 


Although comparisons of drag data for wings of a fixed section and 
different plan forms probably do not have direct practical application 
because of structural and aerodynamic considerations, it is of interest 
to compare the magnitudes of the drags for the various plan forms. Such 
comparisons in general indicate that values of Cp are appreciably 
higher for the unswept wings than for corresponding 45° sweptback wings 
at values of h/t from about 1/2 to 1. At low values of h/t the 
values of Cp for the unswept and 45° swept wings are about the same 
except in the case of the 10.0-percent-thick wings, where the drags of 
the unswept wings are somewhat higher, especially at the lower Mach 
numbers. Comparisons of data for the 150 delta wings with data for the 
45° swept wings of similar sections, in general, indicate slightly lower 
drags for the delta wings at a Mach number of 1.41 and slightly higher 
drags for the delta wings at a Mach number of 1.96. 


Comparison of experimental and calculated values.- In figure 21, 
experimental and calculated drag coefficients for the 5.0- and 6.0-percent- 
thick unswept wings are compared and are shown to be in good general 
agreement. Illustrations of the breakdown of the calculated drag into 
various components are included. The friction drags are turbulent- 
boundary-layer values calculated for a flat plate by use of reference 10. 
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The nose and boattail drags were obtained by use of second-order two- 
dimensional theory and the base drags were први by use ОҒ experimental 
base pressures from reference 2. 


Effects of boattail angle.- From the drag breakdowns of figure 2}, 
it can be seen that the variations of total drag with trailing-edge 
thickness are determined by the sum of the boattail and base drags. 
Experiments of reference 3 have indicated that base pressures and, there- 
fore, base drags, are relatively unaffected by changes in boattail angle 
when values of h/t are fixed. Consequently, the variation of total 
drag with trailing-edge thickness for a wing with a fixed thickness 
ratio (t/c) and leading wedge can be changed only by changing the boat- 
tail drag. It can be seen from figure 2l that a decrease in boattail 
drag, with the other drag components remaining fixed, would result in 


а lower drag at 2 = О and in a more pronounced increase in drag with 


increases in trailing-edge thickness. (Such a decrease in boattail drag 
could be accomplished by increasing the length of trailing-edge bevel _ 
and thereby decreasing the boattail angle.) This fact indicates that 
drag increases due to thickening of the trailing edges would be expected 
to increase with increasing 1/с and that the data of the present tests 
for wings having fixed lengths of trailing-edge bevel are therefore not 
completely representative. It should be noted, however, that the boat- 
tail drag diminishes with decreasing wing thickness and consequently 
would be expected to have little effect on drag variations with h/t 

for the thinner wings. 


In order to obtain indications of its effect on drag, the length of 
the trailing-edge bevel was varied on the 10.0-percent-thick wings with 


2 = 0.375 and оп the 6.0-percent-thick wings with Ë = 0.250. Figure 25 


presents the variations of drag of these wings with 1/е. Tt сап be seen 
im figure 25 that the decreases 1п drag due to increasing the lengths of 
trajling-edge bevel are appreciable for the 10.0-percent-thick wings but 
are somewhat less for the 6.0-percent-thick wings. As previously men- 
tioned, these smaller effects for the thinner wings would be expected 
because of their lower boattail drags. 


Drag at Various Lift Coefficients 


The drag at zero lift, to which the previous discussion has been 
limited, is of significance mainly because it is an important part of 
the drag at finite Lift coefficients at which the wings will be operating. 
The drag coefficients of the wings at various lift coefficients, which 
are probably of more direct interest, are summarized in figure 26 for the 
unswept wings, in figure 27 for the 45° swept wings, and in figure 28 for 


-V 
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the 45° delta wings. Values of Cp presented іп figures 26 to 28 are 
averages of values at positive and negative lift coefficients of the 
symmetrical wings. 


Unswept wings.- Data for the unswept 10.0-percent-thick wings in 
figure 26 show that, at Mach numbers of 1.41 and 1.62, the increases in 
drag with increasing h/t become smaller as the 111% coefficient becomes 
larger. At the highest lift coefficients a slight decrease in drag due 
to thickening the trailing edges is shown. Data for the 10.0-percent- 
thick wings at a Mach number of 1.96 and for the 3.0-, 4.5-, and 
6.0-percent-thick wings at all Mach numbers show variations of drag 
with h/t at various lift coefficients which are very similar to those 
at zero lift coefficient. Іп general, the increases in Cp with h/t 
are about the same at all lift coefficients. This fact is significant 
in that percentage increases in дгад at zero lift due to thickening of 
the trailing edges might be sufficient to outweigh the advantages of 
increases in wing strength, stiffness, and volume, whereas at moderate 
to high lift coefficients, the percentage increases in drag would be 
small by comparison. 


Swept wings.- Data for the 159 swept wings show that, at lift coef- 
ficients of 0.2 and above, the drag coefficients generally decrease with 
increases in h/t from values near zero, as was shown for the 
10.0-percent-thick unswept wings at the lower Mach numbers and high lift 
coefficients. The data also show that values of h/t for minimum drag 
usually increase with increases in wing thickness, operating lift coef- 
ficient, and Mach number. For wings operating аб values of СІ, between 
0.2 and О.Н, the data indicate that а drag reduction could be obtained 
by thickening the trailing edges to about half the maximum wing thick- 
ness. For wings operating at higher values of Ст, the data indicate 


that Cp could be decreased by thickening the trailing edges even more. 


45° delta wings.- The data for the 45° delta wings in figure 28 are 
similar to the data Рог the 3.0- to 6.0-percent-thick unswept wings in 
that variations of Cp with h/t for the wings tested are about the 


seme at all values of Ст. As mentioned for the zero-lift case, it is 


interesting to note that the drag of the h.5-percent-thick wing at various 
lift coefficients shows no appreciable increase with increase in h/t 
from 2/5 to 1.0 at & Mach number of 1.96. 


Maximum Lift-Drag Ratio 


The maximum lift-drag ratios and values of Ср at (L/D)max are 


presented in figure 29 for the unswept wings, іп figure 20 for the 459 
swept wings, and in figure 51 for the 45° delta wings. Values of 


ТИР 
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(L/D)max 804 Ст, presented are averages of values obtained at positive 
and negative angles of attack for the symmetrical wings. 


Unswept wings.- Values of (L/D nax for the unswept wings (fig. 29) 
vary with h/t in the general manner which would be predicted from con- 
sideration of the variations of drag at zero lift. That is, the highest 
values of (L/D)magy occur near values of h/t for which the drag at 
zero lift was a minimum; also, decreasing values of (1/0) ах With h/t 
generally correspond. to increasing values of Cp at zero lift. Values 
of Сі at (L/D)max increase with increasing airfoil-section thickness 
ratio and with increasing trailing-eđge thickness, as would be expected 
from the corresponding increases in drag at zero lift. 


45° swept wings.- As shown in figure 30, the highest values of 
(L/D) max for the 45° swept wings occur for 3.0-percent-thick wings 


having Е = 0 and for #.5- апа 6.0-percent-thick wings having values 


of h/t between 1/2 and 3/4. Variations of (L/D)max with h/t are 
somewhat different from what would be expected from consideration of the 
variations of drag at zero lift. Whereas the drag at zero lift in general 
remains about constant with increase in h/t from О to about 1/2, the 
values of (L/D)max for the 3.0-percent-thick wings decrease and values 


of (L/D)max for the 4.5- and 6.0-percent-thick wings increase. Values 
of Ст at (L/D),,, increase with increases іп airfoil-section thickness 


ratio and with increases in trailing-edge thickness in much the same 
manner as in the case of the unswept wings. 


45° delta wings.- The data of figure 41 show that the values of 
(L/D) max for the 6.0-percent-thick 45° delta wings decrease slightly 
with increases in h/t and that these decreases are about the same at 
а11 Mach numbers. This type of variation is similar to that shown for 
the unswept wings in the same h/t range. Тһе plots of (1/0)щах for 
the 4.5-percent-thick 45° delta wings, however, indicate that effects of 
h/t decrease with increasing Mach number and are insignificant at a 
Mach number of 1.96. This effect of Mach number on (L/D)max variations 
with h/t corresponds to the effects on Cp at zero lift shown in fig- 
ure 25. The variations of С, at (L/D)maxy shown in figure 51 would 
be expected from consideration of the variations of drag at zero lift. 


Lift-Curve SLopes 


The lift-curve slopes of the wings at zero angle of attack are 
summarized in figure 22. Тһе data indicate increases in Ст, with 


$: % 


m 
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increasing h/t, as would be predicted from two-dimensional theory. 
The increases for the 45° swept wings are somewhat larger than those 
for the unswept wings. 


The data for the unswept and 459 delta wings indicate no appreciable 
effect of wing section thickness ratio on lift-curve slope. Data for 
the 45° swept wings show that values of Ст, for 1.5- and 6.0-percent- 


thick wings are about equal but are consistently higher than values for 
the 5.0-percent-thick wings. The lower values of Ст, Рог the 


5.0-percent-thick wings can probably be attributed to the elasticity of 
the thin sweptback wings. Data also show that values of Cio for the 


10.0-percent-thick 159 swept wings are about equal to those for the 
1.5- and 6.0-percent-thick wings at Е = 1.0 but are somewhat lower at 


lower values of h/t. These lower values of Сто ‘at low values of h/t 


probably result from losses in loading over the boattail section of the 
10.0-percent-thick wing as a result of the large trailing-edge angle. 


Pitching-Moment Parameter ОСш/ЭСТ, 


Values at zero lift of the pitching-moment parameter ОСш/ОСт, 
which gives an indication of center-of-pressure location for the symmet- 
rical wings, are summarized in figure 55 for the unswept, the 45° swept, 
and the 45° delta wings. It will be noted in figure 33 that the general 
level of values of Cm /дСү, is somewhat more negative (centers of pres- 


sure are farther aft) than would be expected, particularly at the higher 
Mach numbers, probably because of the effect of wing interference on 
body loading. The rearward movement of the center-of-pressure location 
with increases in Mach number, which is particularly pronounced for the 
unswept wings, can probably also be attributed in part to interference 
effects. Comparisons of the pitching-moment data to determine effects 
of section are necessarily based on the premise that the interference 
effects are not appreciably influenced by airfoil section. 


The data of figure 55, in general, show that centers of pressure 
for the unswept wings are not influenced to a great extent by variations 
in trailing-edge thickness, although two-dimensional theory indicates 
appreciable rearward movements with increases in h/t from О to 1.0 
(approximately 0.05с for 10.0-percent-thick wings and 0.015с for 
3.0-percent-thick wings). 


For the 45° swept wings, the data indicate a tendency toward a 
rearward movement of the center of pressure with increases in h/t, the 
movement being fairly rapid at low values of h/t and decreasing with 


wo OE АГ 


12 МАСА ЕМ 1530135 


increasing h/t. For the 6.0-percent-thick wings at Mach numbers of 

1.41 and 1.62, the rate of rearward movement is much greater than for 
the 3.0- and l.5-percent-thick wings at low values of h/t but about 

the same at high values of h/t. It is believed that this type of varia- 
tion for the 6.0-percent-thick wings is due to a loss in loading over 

the boattail portion of the wing, resulting from a thickened or separated 
boundary layer, which is alleviated by decreases in trailing-edge angle 
(increases in h/t). 


The variations of the center-of-pressure location with h/t for 
the 45° delta wings are similar to those for the 45° swept wings in 
the h/t range between 0.5 and 1.0; that is, there is a tendency toward 
a vh rearward movement of the center of pressure with increases 
in h/t 


Data for the unswept wings indicate forward movements of the center- 
of-pressure location with increases in section thickness ratio, as 
predicted by theory. The theoretical effects of t/c аге, however, 
somewhat inconsistent with experiment in that theory indicates that the 
effects of t/c decrease considerably with increases in h/t, whereas 
figure 33 shows no appreciable variation with h/t of the effects of 
t/c. Also, the theoretical movements of the center of pressure due to 
increases in t/c are considerably less than shown by the data of fig- 
ure 55. Таба for the h59 delta wings show no effects of t/c, and data 
for the 159 swept wings, in general, indicate small effects except, ав 
previously mentioned, at the low values of h/t. 


Effects of Fixed Transition 


In order to provide some indication of the effects of fixed transi- 
tion on the data of the present tests, 117%, drag, and pitching-moment 
parameters for the sharp-trailing-edge wings are compared in figure 34 
with similar parameters obtained from the tests in which the model 
surfaces were smooth. 


Data for the unswept wing in figure 34 show, as would be expected, 
that the drags of the models tested with fixed transition were higher 
than those for the smooth-surfaced models by amounts which are relatively 
independent of wing thickness. It is of interest to note that the 
increments іп drag resulting from fixing transition are approximately 
equal to the differences between calculated flat-plate drag with turbulent 
boundary layer and with laminar boundary layer (calculated increments 
are 0.0042 at a Mach number of 1.41, 0.0039 at a Mach number of 1.62, 
and 0.0036 at a Mach number of 1.96). 
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The plots of ie indicate that fixing transition has no measurable 


effects on the lift-curve slopes of the unswept wings. The plots of 
9С | ЭСТ, indicate that the centers of pressure of the wings with fixed 


transition were slightly aft of the centers of pressure of the wings 
with smooth surfaces. 


Data for the 45° swept wings show the drags of the wings with fixed 
transition to be higher than the drags of the wings with smooth surfaces. 
The drag increments due to fixing the transition are, however, somewhat 
less than calculated. As in the case of the unswept wings, the lift- 
curve slopes show no effects of fixing transition. Plots of ӘС | ӘС, 


indicate that fixing transition has small but somewhat inconsistent 
effects on this parameter. 


CONCLUDING REMARKS 


Results of an investigation of systematic series of O° and 45° swept- 
back untapered wings and 45° delta wings with blunt trailing edges at 
Mach numbers of 1.41, 1.62, and 1.96 are as follow: 


In general, no appreciable drag reductions at zero lift due to 
thickening of the wing trailing edges are indicated. However, data show 
that trailing edges can be thickened appreciably, resulting in improved 
structural properties and increased volume, with no increase in drag. 
Values of zero-lift drag for representative unswept wings, calculated 
by use of experimental base pressures and existing theoretical methods, 
were found to be in good agreement with experimental values. 


Variations of drag of the 5.0-, 4.5-, and 6.0-percent-thick unswept 
wings with trailing-edge thickness, at various Lift coefficients, were 
very similar to those at zero lift; that ls, the drag remained essentially 
constant with increases in trailing-edge thickness up to about 1/5 of the 
maximum wing thickness and then increased fairly rapidly. Data for the 
45° swept wings operating at lift coefficients 0.2 or above, however, 
showed drag reductions due to thickening the trailing edges by various 
amounts. The trailing-edge thickness for minimum drag increased with 
increases in airfoil-section thickness ratio, operating Lift coefficient, 
and Mach number. Data for the 45° delta wings with sharp trailing edges 
were not obtained and detailed effects of blunting their trailing edges 
were not determined. 


Values of the maximum lift-drag ratio (L/D),,, for the 3.0-, 
1.5-, and 6.0-percent-thick unswept wings remained essentially constant 
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with increases in trailing-edge thickness to about 1/4 or 1/3 of the 
maximum wing thickness and then decreased fairly rapidly. Highest 
values of (L/D) nax for the 45° swept wings occurred for 3.0-percent- 


thick wings having sharp trailing edges and for the 4.5- and 6.0-percent- 
thick wings having ratios of trailing edge to maximum thickness from 


about 1/2 to 3/4. 


Lift-curve slopes of the wings, in general, tended to increase 
slightly with increases in trailing-~edge thickness and were essentially 
unaffected by variations in airfoil-section thickness ratio. 


Center-of-pressure locations for the unswept wings were relatively 
independent of trailing-edge thickness ratio h/t. For the 45° swept 
wings, the centers of pressure moved rearward with increases in h/t, 
the movement being fairly rapid at small values of h/t and decreasing 
with increases in h/t. For the 45° delta wings, there was a slight 
rearward movement of the center of pressure with increases in h/t from 


0.5 to 1.0. 


Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 


Langley Field, Va. 
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Figure 1.- Plan-form and section characteristics of wing models investigated. 
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(b) Illustration of wing sections. 


‚20 


‚20 


„50 


a20 


a20 


420 


‚20 


Figure 1.- Concluded. 


.045 


„050 


„050 


„050 


1.000 


-667 


-532 


1.000 


„500 


0 


‚20 


20 


‚20 


‚20 


„20 


-20 


ST 


quaa 


стаест WH VOVN 


Fuselage ordinates 
(inches) 


я diatance from fuselage nose 
ing to mean quarter chord of wing 
ЛК Б, 


- 
= 
Ün 
Y 
G 


Flow direction --------»- 
Fuselage (half-body of revolution) 


0.25-inch shim 


E ______ 
0,007 to 0.015 inch Ж» 
clearance gap Tunnel wall 
10 inches 


Figure 2.- Details of model mounting arrangement. 


6l 


20 


МАСА ЕМ 1550135 


= 


№ 


. —. s | 
L > 
Ры. 0 ч 2 
7 зе а 
` “ча - 
м. мы. ат! 
» NE 


159 swept wing 1159 delta wing 


КАСА 7 
1-79211 


Flgure 5.- Photographs о? model arrangements Рог the three wing plan 
forms investigated. 
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Figure 5.- Wing-plus-interference lift and drag characteristics of 


unswept wings at a Mach number of 1.41. 
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Figure 6,- Wing-plus-interference lift and drag characteristics of 
unswept wings at а Mach mmiber of 1.62. 
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Figure 7.- Wing-plus-interference lift and drag characteristics of 
unswept wings at а Mach number of 1.96. 
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Figure 8.- Wing-plus-interference pitching-moment characteristics о? 
unswept wings at а Маси number оғ 1.41. 
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Figure 9.- Wing-plus-interference pitching-moment characteristics о? 
unswept wings at а Mach number of 1.62. 
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Figure 10.- Wing-plus-interference pitching-moment characteristlcs of 
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МАСА ЕМ 1535015 


т 
Akr ga a 


ШЕ Жр Шы Да 
РА РИА в во 


22 “ТҮҮЛҮ е g 

P Е’ dede 
руши BF B BF ИРИ 

Г n ҮРҮ NN EEEE 

oe N ЕГ ИМ е ИШ ЖЕН ШЕ ШИ 


„20 
„20 
„20 (smooth) 


Figure 10.- Concluded.. 


„вие КЕГЕ Дре 


МАСА ЕМ 155015 


БИШЕ БИНЕ БЕШ ЫЕ ШЇ ШЇ ЕШ ИНЕ 
ШИ ШШЕ ИШЕ И ЕЖЕ 
АКТА 
НЕВЕРНЫ 


$ = 0.100. 


с 


(а) 


Figure 11.- Wing-plus-interference lift and drag characteristics of 


p 


450 sweptback wings at a Mach number of 1.41. 


52 las a a NACA RM 155015 


о 
НЫ НЕШ И Eos i: 
KENNEN ИШ И ЕНЕ ЕЖЕ © 
Ер Б 
Se cee eee ШЕ ШИИ И SES 

iq Ф 
“9 
$ 

ча 
Фо 
о 

mio да . 

JAN 5 

` og š 

М G 8 

Pid o о 

ll | 

оф Plo -j 

~ Ф 

О 
‚$ 5 
fa 


эо v N 9,8 Y © ә 


дю 


СЕКРЕ с 


| m= sas 
а ае: 


Ж I СА СҮ ӨЙ 55 
а И 


"ТЕГЕСЕ, 
ШЕШН Є М ЮЕ l]? 
БЕ НЕ НЕ ЖЕ БЕ Ы mi sim o Ж Ыз 
м“ 
ССА 


0 % .04 08 22 46 .20 


/6 


12 


Cp 


е, deg 


(b) Concluded. 


Figure 11.- Continued. 


МАСА RM 155015 


Aaa eee eee 
ЕЖЕ ЕЕ ИЕ ШЕШ s 
ШИ ШИШЕ ЖИИ ШЕЕ s. 
c ШЙ ШЕ ПЕ ШЇ ШШ Es 
ачишиши аа ия 
ЕТИ НИИ ИЕ Е 
AA aH ОУ ИА 


#2 46 .20 


Ср 


A2 
0 .04 OB 


CCHS ЁШ Өй ЕЕ ШЕ ЭН 
ER ES р ее ЕА 


о .04 08 
0 


= 0.045. 


ЖЕБЕ OO 5 БЕ ИЕ 
BENEEREEEEREREENE 
06 
ҸҸ ЭЕ ИГ ЭШ ЖЕ ДЕ ЕЕ И И! 
АКАР їй н ӨЕП ШЫ ә, 
ШЕ ШШ wiy ЖЕШ upa % 

Sk ee es 
EENHEWBSRISEEEEENE 

РУ, 
РЫ“ 
РЕЦ e 
ҸҸ *% 
9Р0 « 
COCO CCCP ENT * 
йәй и шшс ш шч 
Ц “ 

0 « 


"—— 
t 


+ 
с 


8 
(с) 


deg 
Figure 11.- Contimed. 


c, 


NACA RM 155015 


jp 
иевинквиевик!. 
ЖШШЕ ЕЕ ЖИЕ 
NAENNEEENENEN 
ШИШЕГЕ БЕШ ИЕШЕ ИШИ E P 
ч 


„20 (smooth) 


0.20 


h 
t 
0 
0 


À 
4 


46 .20 


12 


0 04 ов 


Ср 


с, deg 


(с) Coneluded. 


Figure 11.- Continued. 


25 


56 


EXE Р БЕ Б ШЕ Я С Е Е 
АТР 


ЕГІН, 
š 


БЕ ЕЕ 
кшй ши жишш ик ш 


БЕ DB EG RULES О ен 
БЕЙ ШЇ ЗЕ ИИ e аз 
Ж ЖЫ Им ЕЕЕ ee 
Е ШЕ mia ЧЕ к: 
PT reer retry Tt T T 


МАСА ВМ 155015 


J2 46 


0 04 08 
Ср 


p 


Q 


/2 
0.050, 


ba 
с 


4 
(а) 


Figure 11.- Concluded. 


НАСА RM 155015 


HAR ШЕ ЖЕЕ Ий [И ШЕ 
САТЕ ЕЕ 
А696 
МЕЕ 
АА РН На НА АНИ 
А0 
ГІТ S 
ЕЕС На 
ААА 

КЕНТ. 
пика ши * 
LIS KL y 
Ке or 7 % 
EA ZT g 


NACA 77 


0 ға) 08 72 46 .20 .24 


0 


а,дед 


62. 


interference lift and drag characteristics of 


45° sweptback wings at a Mach number of 1. 


Figure 12.- Wing-plus- 


27 


NACA ЕМ L52D13 


ИКЕ ЕЕЕ 
ERTENEENRNEIENE 
МЕНИКИЖ ШИН ИИ 
BEIEUEENENNNNENEES 
Aaa eee eee Е 
F ЖЕНЕ ЖЕ ПЕ ЗИ (ЦЕ Т 
MINER ees DEBA EE 


/g 
0 .04 pa , 


0 .04 .08 . 
0 


„ГЕТЕ Е 
ЕЕС 5 
G ps po 2 | 
s G j C | 
м ре 2 
ПРО РР Ра 9 


Figure 12.- Continued. 


а 
ЕНЕМ ВВ БА Гы m= 

MN XESGEC UR NM PS 
aspa se ӨР ЧИ БЕ S o ЗЫ 
pL ЕЕ ЕЗІ Ж Үй 
ааа Еа ү 
Wu si Sa И жж шон нн 
aS 

шишиши 115 


о © Y ч о чт ә! 
ac 


ча зе ы” 


де 


.20 ( smooth) 


0:86 


АА 
= СИВ ЗОНА ИЕ И САН 
ААА ЕСА 


ТОЕ ДЕ Е: ЕР 
А, мыд, 
аи ОА Ж ЖИ: агр 


004 08 


аар 


PINE PTT В Е ОА 


маа ЗЕ T 


ШАТЫ А ПА ЕВА ИИ 


ARA ETTOL ONETARA 


БІНЕН ШЕН ЕЗ СӨ ШЕ СЫ БЕ H 
ИЕ qp ЖИ ЗЕ ШЛУ БИ ШЕ s 
ET 
aras и ашаа 
В SISI sa s £ w S В тя. 
ШЕШ ЫЕ ЕИ ИЕ ЕЕ ЕЕЕ 


© 2 че ы мч 5 


„2 
0 .04 08 


46 .20 .24 


г 


Ср 


д 


BANKERS 
—-ACMKPRHHHH-HHH. 


(b) Concluded. 


Figure 12.- Continued. 


60 


SMS ME SE ee 
Ce В В y 


КА 
Seek # аш ейи ra 


08 


OF 


HESS 
EM NE NURR NEUEN 


Q 


AENCEEEEEEEEEHEÁ 
Pet Ok EE 


-NXPREHHHRRRE. 
-NN NHH 


J6 .20 


Q pe .08 42 


0 


NACA RM 155015 


Figure 12.- Continued. 


МАСА ЕМ L53D13 


ЕБ 
А1 
р 
PAS Rae 


RAGA 


46 .20 


./2 


„А 


0 .04 .08 


220 (smooth) 


0.20 


НИЕ ET 
БЕЛБЕИЕЕШ ИИН 
АЕЦ“ 
шич снна ЕЕЕ 
sm mmm ms 
FEES s 


/2 


446 „20 


4? 
Фф 


0 .04 .08 


(с) Concluded. 


бі 


Figure 12.- Continued. 


62 


J6 .20 


42 


.04 .08 
209 о 


(smo 
E 
М 
ІН 
s 
Ж 
Lj 
E 
Е 
R: 
е 
m 
Ж 
Ш 
0 
/6 


h 
t 
1.00 
M 
N 
ЕШ 
B 
Lx 
ща 
КЕ 
= 
Ж 
Ш 
Е 
A 
M 
M 
Ж 
4 


БАКЫ 


p 
Це дед 


Кат, 
аии и Ы 
К КО mima m 
m s ао a a ШШ а к 
FEES H 
ЖЕКИ ЕСИ С Оа ee 

ТАЛ ЕЕ сиы шш 
ЖЕЗ БП ПЕЙ БИЙ ПИЕ ШЫ ES 
Эйн a sassa 
РО P ос а 
S ЕШ жю ыш А 
ЙЕ ЕЕ a ИЙ БЕ ШЕ БӘ SE Ç; 
БШ ШЫ БИИ а И И Т 


$ 4 * о ч o% же 


0 .04 08 


Ср 


272 


НАСА RM 155015 


0.050. 


D s 
с 


(4) 


Figure 12.- Concluded. 


NACA ВМ 153015 das. 


ВЕ 


таа 
ENESGNEENNENEE 
Bex В LS ШШ Ж eg 


EUNBER ANN ножици 
Е a oe 


a ш г RB RD ИИ Ен ы 
REENMNSNENENE GNE 
Po Ж SEES S 


0 .04 08 72 76 .20 .24 


0 


Ср 


45° sweptback wings at а Mach number of 1.96. 


Figure 15.- Wing-plus-interference lift and drag characteristics of 


64 


CCEECEEELTÀ 
ЕЕРЕЕ 
RCT 
"WNNENENENN 
ӨТПЕ 


72 


AZ 


АНДИ ИА 
PPA TT ил 


CEE 
0 .04 .08 


16 20 0 


———— 
jJ P ics 
Wasa О x EET 


PEE EE 
ear Fi} ite 
pc sg 
КЕЛЕ БЕН” 


жй ёа тер. м 
61“ 
ТІП ІІ 


76 20 .24 


.04 .08 


0 


12 


Ср 


МАСА ЕМ 1535015 


Figure 15.- Continued. 


МАСА RM 155015 


9,22 
120 (smooth) 


ШИШ Rt Tt Tt j 


J6 .20 .24 


Ex EIS S 
СГАМ ЇЇ Е са 
чає S 
АМСК +5 PA 
ES 

часа ЕЕ 

Зо 

Š ° 

o Q 

9 


20 
12 


ЕЕК 
POON AA š 


Sa maa эзш жш ш |. . 
ҸҸ 
LELLLEENUNISG e 


(b) Concluded. 


Figure 15.- Continued. 


65 


T s 
66 Калаке NACA ВМ 1535015 


Le REE See eee 
eee ЕЯ ЗЕ Е Е 
И Е Е 


16 .20 .24 


+2 


ae ee 
RROD NEBR ASK 
шиш чинин 


Q + 08 


1 А 
AENEA 10121. 


/6 a 0 
Š 0.045. 


с 


/2 
% 


ры 
(с) 
Figure 15.- Continued. 


WERE EUN ROS RSS RU DR я 
Eq cer ГЕ Б ee 
ШЕ ЕНЕ а ШЙ ee 
pete ЫСЫ Ч 
БЕРЕ NIIT 
eI E 
ЖЕ н иШ ЧЕ 
zT SE EET E ЕН 


КАСА RM 155015 


„20 (smooth) 


0.20 


ШШШ 
ы үр а 
аы 
ВОО ЕШ ЕЕ 
А 


РЕТ 
ЖЕБЕШИ ЕДЕ ШШ К 
жиш кш 


J2 16 .20 


O .04 .08 


(с) Concluded. 


Figure 15.- Continued. 


67 


68 


BENZENWESESNN 
МИНЕ 
КЕБЕК БН 
КЕН ИШЕ ШИ ШШ 


46 .20 


= 
E 
ІШ 
Ш 
E 
x 
m 
м 
== 


.20 (smooth) 
lJLLLLLLLLLLI. 
о .04 08 ./2 


20 
‚20 


ЖУЗ ШЕ ШИГЫ 
EE E Е 
RAN пак 


h 
+ 

‚боо 
500 


Es | 


РРР" 


AONA MAMEN 
ААА 


БЕ 
P d 
Ра 
ат 
ІР 
“М 
ЖЯ 
ІШ 
Ш 
М 
M 


os Da Sa TERM 
ws a a 


TT TT OP Is 
1 


© ч мо N * & 
пеш ва 


42 


0 .04 .08 


NACA ЕМ 155015 


— = 0.050. 


t 
c 


(а) 


Figure 15.- Concluded. 


k + AAA 
| он 059200 


as ЕЕ ЕЕ 
|, ee 


МАСА ЕМ L53D13 ‹ 69 


(те 
шы 
ет 
об 


я Kag 
COCCI em ong 
Я Е А РА ШЕННЕН БЕ ЁШ БИ ЗЫ I 

БЕЗЕР ДЇ ВЕ EI Ө И ШЕ ШЕ БЕ ПЕПЕ А 
ЖР ШЕЛЕГІН ПШ ШЕ ШЕ БЕ Б Я ШЕ йй 
ЖЕРШ, ШИНЕ БЕ В Е ЖЕ IEEE 
БІНЕ ЕЖЕН Ө БЕ В НЕ ЕЙ ШЕ ЕНЕ T 


тг 
A EL LEL LI АТА ета 
PTT ETE МИЯ ТАМ и 
Ш He AA V 


=< 
CEEA AT = 
Bae cc use Еш 
л лл 
ДИЙ И ТА че 
ИГЕП ЕСЕККЕ а 


2 44 О -/ -2 


(ъ) 5 - 0.060. 


Figure Щ.- Wing-plus-interference pitching-moment characteristics of 
45° sweptback wings d а Mach number of 1.41. 


лыры NACA RM L53D13 


Аш 
АИИ И S 1555 28 
CECA EAE ғ 120 (anooth) 
ЕТУ ТК е | 
РШЕ БИРИНЕ о sasam 
Жа AL A 
A AE Se eq 
ШЕШШ ЕЕ ИШ ЕЕ ИШЕ Еш 
ESI SE qe ЖИ ПИЕ И ЖЕ ЕИ Е 


No 


аашаа В ааа 
И ШШШ Ин РИ Де 
ШИШЕ ЖИЕ rh ЕЕЕ а 
THLEUG =s 


HPHH | 
LA 129 "a 
шаран EETIMME 


МАСА ЕМ L53D13 


coo 
ЖЫ ЖИШШ де Вешин 
ЕЧЕН УЕ ЕЕЕ 


EPEEZHERNEMENEENEEN 
Pet ишк ишек ш 
БИН ИНЕ ME MN ш 


аа асо аса 
Pt ET TT ТТА Да 
GIS SSES; №] VAA EI F 
MUIEESENEN MEAE EFELELE 
NENNEN CE AN aV E EN 
В AED WE 
AA ирин 
отит _| | юз o 
HAAA Ari" 
ШИШЕ. дема (d | И | É 0 50 (smooth) 
Шен и а кшк 


Figure 15.- Wing-plus-interference pltching-moment characteristics of 
450 sweptback wings at a Mach number of 1.62. 
Y 


кка RE E 
ЖШШЕ ИШЕСЕ Ar ae, 
Г c R Y 
ШЕШЕ -D- L4 e - 


eri 


ЕГ 1.000 
TOA Ts _ 
кш КАКЕ АНИ 
Ж. ШЕ 3:54 1-1 ШЕ Б Өй 


ИТЕ АЕ Е T 
Esas p pr 


ШЖ 

аи Л ЕК Т 
cur. ure d 
Е ж 
PEt VT TT U t A), 


EE 
БНА murus d 


ЮК ШЕ ШЕ ЕРЕ Е 
А ТЕГЕСЕ 
T НЕВА Е В Е КА р 


NACA RM 155015 


«го 
«20 (smooth) 


„20 
20 (smooth) 


10V 


Figure 16.- Wing-plus-interference pitching-moment characteristics of 


NACA RM L52D15 


e 4 о -/ -2 


Hid L 
шиш шатык ени Б ee 
ИЯ ИІР 
А 


& Ая 
[E FE ЕРЕЦ 
eee Se ШЕШШ И 
Lee s RISI В S Е 
БЕНЕН P m n 


45° sweptback wings at a Mach number of 1.96. 


72 


20 (smooth) 


4 


Е р А р, 
ШЕШ Ae AN 


A IE 


ae ee are 
ЯА er шл 


| TA 
УБИ 


ЯТА 
1 
СА И l ЕЕ И 

[ig to |e tA | | tt 
BEN 25 АШ ИЕ А ШИЖЕШ ВЕ 
ЕНЕЛЕР 
22522017 
ENNEEHNXEZNENEEENEEE 


2 


D 
© 


O 1 


Ee SSES m 
Л 4° 3 
la ЖЕНЕ 


КАСА ВМ 155015 


«20 (smooth) 


МАСА RM 155015 


шц 
6 
Prat p o fa 
КЕЯ 
ТАИ 
ҸЕ. 
Ы“ 
СКР а 
РЕ“ 
ЕЕЕ 
ғ % 
000, 


46 “МАСА” 
J2 46 


“0 үя .06 


Ср 


a, deg 


t _ 0.060. 


с 


(а) 


Figure 17.- Wing-plus-interference lift and drag characteristics of 
45° delta wings at a Mach number of 1.41. 
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Figure 20.- Wing-plus-interference pitching-moment characteristics of 
45° delta wings at a Mach number of 1.41. 
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Figure 22.- Wing-plus-interference pitching-moment characteristics of 
450 delta wings at a Mach number of 1.96. 
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Figure 25.- Variations of wing-plus-interference zero-lift drag with 
length of trailing-edge bevel of untepered wings. 
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(b) 5 = 0.015. 


wing-plus-interference drag at various lift 


Figure 28.- Summary of 
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Figure 29.- Summary of maximum lift-drag ratios and lift coefficients at 
maximum lift-drag ratios for unswept wings. 


Figure 30.- Summary of maximum lift-drag ratios and lift coefficients at 
maximum lift-drag ratios Рог 45° sweptback wings. 


стаест WA VONN 


НЫ = 
ДКА 


ЕД пати 
ВЕЩ * 


| ЯДАТ 


£6 


9h 


M = 1.96 


N = 1.62 


МАСА ЕМ 155015 


Figure 51.- Summary of maximum lift-drag ratios and lift coefficients at 
maximum lift-drag ratios for №50 delta wings. 
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45° delta wings, 


Figure 52.- Summary of variations with trailing-edge thickness of wing- 
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h5" delta wings 
Figure 55.- Summary variations with trailing-edge thickness of wing-plus- 
interference pitching-moment parameter  OCg/OCp, for unswept, 45° swept- 
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а О Roughness - transition fixed 
L] Smooth model surface 


(а) Unswept wings. 


š Figure 34.- Effects of fixed transition on the wing-plus-interference 
lift, drag, and pitching-moment characteristics of untapered sharp- 


ë trailing-edge wings. š = 0.20; Ст, = 0. 
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O Roughness - transition fixed 
С Smooth model surface 


(b) 45° sweptback wings. 


Figure 34.- Concluded. 
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